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Abstract 

Rationale:lo assess the treatment progression during the 24 months following a formal diagnosis of chronic obstructive 
pulmonary disease (COPD) in the UK primary care setting. 

Methods: k retrospective cohort of newly diagnosed COPD patients was identified in the Clinical Practice Research Datalink 
(CPRD) from 1/1/2008 until 31/12/2009. Maintenance therapy prescribed within the first 3 months of diagnosis and in the 
subsequent 3-month intervals for 24 months were analyzed. Treatment classes included long-acting P2-agonists (LABAs), 
long-acting muscarinic antagonists (LAIVlAs), inhaled corticosteroids (ICSs), and respective combinations. At each 3-month 
interval, discontinuation, switching, addition, and stepping down patterns were analyzed cumulatively for the first 12 
months and over the 24-month of follow-up. 

Results: l\ total of 3199 patients with at least one prescription of a maintenance therapy at baseline and during 4"^-6"^ 
month interval were included in the analysis. At diagnosis (0-3 months), the most frequently prescribed maintenance 
therapy was LABA-HlCS (43%), followed by LAIVIA (24%) and LABA-hLAMA-hICS (23%). Nearly half the patients (LABA-50%, 
LAI\/lA-43%) starting on a monobronchodilator had additions to their treatment in 24 months. Compared to other 
medications, patients starting on a LAIVIA were most likely to escalate to triple therapy in 24 months. Nearly one-fourth of 
the patients prescribed triple therapy at baseline stepped down to LABA-HlCS (25%) or LAMA (31%) within 24 months. 

Conclusion: Disease progression is evident over the 24 months after COPD diagnosis, as more patients were prescribed 
additional maintenance therapy in the 24-month period compared to baseline. The changes in therapy suggest that it is 
difficult to achieve a consistently improved COPD disease state. 
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Introduction 

Chronic obstructive pulmonary disease (COPD) is "a prevent- 
able and treatable disease cliaracterized by airflow limitation that 
is not fully reversible" [1]. It remains a major healthcare problem, 
and various guidelines have been created to aid in efTective 
management of this disease [1-4]. International guidelines such as 
the Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) strategy and local guidelines such as the National 
Institute for Health and Care Excellence (NICE) provide guidance 
to physicians in treating COPD [1]. 

Once COPD is diagnosed and its severity is established, 
pharmacological treatment aims to reduce symptoms and exacer- 
bations [2,3]. Short-acting fi2-agonists (SABAs) are used on an as- 
needed basis for symptomatic relief in early stages. As COPD is a 
progressive condition, daily maintenance drugs are usually needed. 
GOLD and NICE guidelines suggest that bronchodilators such as 
P2-agonists and antimuscarinics form the mainstay of therapy 



[1,2]. Changes in forced expiratory volume in 1 second (FEVi) 
following bronchodUator therapy can be small; however, the 
accompanying larger change in lung volume contributes toward 
reduction in perceived breathlessness [5] . Long-acting (32-agonists 
(LABAs) or long-acting muscarinic antagonists (LAMAs) are also 
used to reduce the number and severity of exacerbations [6]. 
Combination therapy produces a greater change in spirometry 
and symptoms in comparison with monotherapy [7]. A combina- 
tion of LABA and LAMA is prescribed if symptoms persist even 
after individual bronchodUator monotherapy. Inhaled corticoste- 
roids (ICSs) are added as anti-inflammatory agents to reduce the 
rate of exacerbation in patients with severe disease [2,8,9]. NICE 
guidelines in the UK indicate a stepwise progression from 
bronchodUator monotherapy to a combination therapy based on 
the level of post-bronchodilator FEVj percent predicted. For 
patients with FEVi ^ 50%, a LAMA or a LABA is recommended 
as the initial choice. If the FEVi is <50%, the treatment choice is 
between a LAMA or LABA-HlCS. Patients starting on LAMA or 
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Table 1. Patient disposition and demographic characteristics. 





Patient Variable, n (%) 


Total COPD Cohort 


All COPD 


3199 (100.0) 


Age, mean (SD) 


67.29 (10.7) 


Female 


1489 (46.55) 


Smoking status - Current smoker 


1155 (36.11) 


Smoking status - Former smoker 


480 (15.00) 


BMI, kg/m^ 


27.05 (6.11) 


Charlson Score Prior 


532 (16.63) 


Acute myocardial infarction 


271 (8.47) 


Congestive heart disease 


203 (6.35) 


Cerebrovascular disease 


211 (6.60) 


Depression 


416 (13.00) 


Anxiety 


492 (15.38) 


Asthma 


1417 (44.30) 


Cancer 


392 (12.25) 


Diabetes 


447 (13.97) 


Diabetes with complications 


93 (2.91) 


Severity COPD GOLD 1 


448 (14.00) 


Severity COPD GOLD 2 


1557 (48.67) 


Severity COPD GOLD 3 


925 (28.92) 


Severity COPD GOLD 4 


185 (5.78) 


MRC 1 


394 (12.32) 


MRC 2 


870 (27.20) 


MRC 3 


558 (17.44) 


MRC 4 


237 (7.41) 


MRC 5 


42 (1.31) 



Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary 
disease; GOLD, Global Initiative for Chronic Obstructive Lung Disease stage of 
airflow limitation; MRC, Medical Research Council dyspnea scale; SD, standard 
deviation. 

doi:l 0.1 371/journal.pone.Ol 05296.t001 



LABA+ICS would then progress to triple therapy (LABA+ 
LAJvIA+ICS) if exacerbations or breathlessness persist [2]. 

Numerous studies report less than optimal comphance with 
guidelines in patients with COPD [10-12]. Therefore, a primary 
care-based study investigating treatment evolution in the 24 
months after COPD diagnosis may help to identify patterns in 
progression of therapy, which can be used to create targeted 
interventions and educational programs. The objective of this 
study was to assess the evolving treatment paradigm over 24 
months following the first COPD diagnosis, including discontin- 
uation, addition, and switching of therapy. 

Methods 

Study design 

In this retrospective cohort study, we evaluated treatment 
patterns of patients with COPD identified from the primary care 
setting using the Clinical Practice Research Datalink (CPRD), 
which is the National Health Service (NHS) observational data 
and interventional research service [13]. The CPRD is jointly 
fiinded by the NHS, the National Institute for Health Research 
(NIHR), and the Medicines and Healthcare Products Regulatory 
Agency (MHRA) [13]. This study used the primary care electronic 



medical records database part of the CPRD, formerly known as 
General Practice Research Database (GPRD). The study analyzed 
anonymized electronic records, and the protocol WEUSKOP5904 
was approved by the CPRD Independent Scientific Advisory 
Committee (ISAC). 

Patients aged S40 years with the first diagnosis of COPD and at 
least 1 2 months of history preceding the diagnosis were included. 
The diagnosis was confirmed by spirometry (FEVi/FVC < 0.7; 
FVC, forced vital capacity) at COPD index date/cohort entry date 
(between January 1, 2008 until December 31, 2009). Patients were 
labeled as cases of newly diagnosed COPD only if they had no 
prior diagnosis of COPD ever in their records. Further, these 
patients were required to have at least a 24-month foUow-up 
history, unless death occurred during the follow-up period. 
Subjects with an occurrence of an event code of a medical 
condition incompatible with COPD diagnosis at any time in their 
history were excluded. These events included lung or bronchial 
developmental anomalies, degenerative processes (cystic fibrosis, 
pulmonary fibrosis), bronchiectasis, pulmonary resection, or other 
significant respiratory disorders that can interfere with clinical 
COPD diagnosis or substantially change the natural history of the 
disease. 

Patient characteristics such as age, gender, body mass index 
(BMI), smoking status, available Medical Research Council 
(MRC) dyspnea scale score, and prior diagnosed and/or treated 
comorbid conditions (according to the Charlson index) [14] any 
time in the patient record were assessed at and prior to the cohort 
entry date. COPD prescriptions were evaluated at cohort entry 
date and every 3 months thereafter for a total follow-up duration 
of 24 months. The 3-month intervals included were 0-3 (baseline), 
4-6, 7-9, 10-12, 13-15, 16-18, 19-21, and 22-24 following the 
cohort entry date. Treatment classes included LABAs and LAMAs 
alone, in combination (LABA+LAMA), and with an ICS (LABA+ 
ICS, LAMA+ICS, and LABA+LAMA+ICS). All multiple thera- 
pies, either in combination or as separate inhalers, were required 
to be prescribed on the same day or within a 30-day period. Each 
medication category was mutually exclusive, irrespective of the use 
of short-acting bronchodUators (SABDs). The first maintenance 
prescription for COPD (either single or combination within 30 
days) in each 3-month period was recorded as the therapy for that 
period. 

In order to assess the progression through individual mainte- 
nance therapy, patients prescribed one of the following six index 
therapies at baseline and at each 3-month interval were included: 
LABA, LAMA, LABA+LAMA, LABA+ICS, LAMA+ICS, and 
LABA+LAMA+ICS. ICS as a standalone treatment was excluded, 
as ICS is not licensed as monotherapy for COPD. Patients were 
categorized into a baseline treatment class based on their first 
prescription in the 0- to 3-month interval. Patients were 
considered to continue on this index therapy if they were 
prescribed the same therapy in subsequent 3 monthly time 
intervals. Patterns of first change in treatment (addition, discon- 
tinuation, step down, and switch from index therapy) were 
analyzed at each time interval and cumulatively in the first (1-12 
months) and second year (0-24 months). Patients with any change 
in therapy were excluded in subsequent intervals, thereby 
restricting the analysis to patients continuing on index therapy, 
while recording their first change. 

In addition, the time to first prescription of triple therapy by 
index therapy among all newly diagnosed patients was evaluated 
using a Kaplan-Meier curve. Exploratory analysis was performed 
using Cox proportional hazards models by excluding asthma and 
adjusting for factors associated with progression to triple therapy 
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Figure 1. Maintenance prescriptions at diagnosis. Patients (n = 3199) prescribed maintenance therapy at baseline and 3-6 months excluding 
patients with no treatment, SABD alone, ICS, and others. Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting P2-agonist; LAMA, long-acting 
muscarinic antagonist. 
doi:10.1371/journal.pone.0105296.g001 
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Figure 2. Proportions of patients continuing on tKie same treatment class for 24 months. ^ To be included in analysis, patients had to 
receive a prescription at each 3-month interval. Triple, LABA+LAMA+ICS. Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting P2-agonist; 
LAMA, long-acting muscarinic antagonist. 
doi:1 0.1 371/journal.pone.01 05296.g002 
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Figure 3. Percentage of changes in maintenance medications at the end of the 24 months of follow-up. Censored indicates no 
prescription for a COPD maintenance medication during a 3 month interval. 
doi:1 0.1 371 /journal.pone.01 05296.g003 



(airflow limitation, underweight BMI, and suspected exacerba- 
tions). 

Results 

Patient disposition and demographic characteristics 

Among tlie coliort of 7881 newly diagno.sed patients with 
COPD, 3925 (50%) were prescribed maintenance therapy during 
die baseline period (0-3 months after diagnosis). Of the 3925 
patients, 80% (n = 3199) were prescribed a maintenance therapy 
at baseline and during the 4—6 month interval and were included 
in this analysis. These patients had a mean (SD) age of 67 (11) 
years. The cohort consisted of 47% women, 15% former smokers, 
and 36% current smokers. Additionally, 97% and 66% of patients 
had an available stage of lung function and MRC dyspnea scale 
score, respectively (Table 1). The demographic distribution did 
not differ substantially from the overall newly diagnosed cohort 
apart from the stages of lung function and MRC score, where a 
higher proportion of patients prescribed maintenance therapy 
(n = 3199) had percent-predicted FEVi < 50% (35% vs 27%) and 
MRC score > 3 (26% vs 21%). 

Treatments at baseline 

The frequency distribution of each type of prescribed therapy 
following a new diagnosis of COPD is shown in Figure 1. At 
diagnosis (0-3 months), the most frequently prescribed mainte- 
nance therapy was LABA+ICS (43%), followed by LAMA (24%) 
and LABA+LAMA+ICS (23%). The distribution of maintenance 
therapy was similar between patients prescribed a maintenance 
therapy at baseline (0-3 months, n = 3925) and those included in 
this analysis (n = 3 1 99); data not shown. 

Changes in therapy over 24 months 

Continuing on the same medication. Approximately one- 
quarter of the cohort was not prescribed their initial therapy again 



in the first 4-6 months following diagnosis; half of the cohort was 
not prescribed their initial therapy again after 12 months; and 
approximately three-quarters of the cohort was not prescribed 
their initial therapy again after 2 years (Figure 2). 

Patients on LABA+ICS combination demonstrated highest 
continuation, with 60% at interval 4 (10-12 months), and 35% at 
interval 8 (22-24 months) continuing on their index therapy. 
Patients on LABA and LAMA monotherapies had comparable 
continuation with 42% and 44% patients on the index treatment 
at interval 4 and 21% and 22% on index treatment at interval 8, 
respectively. The proportion of patients remaining on their initial 
therapy at the end of 24 months varied between initial medications 
prescribed. The proportions ranged from 8% for LAMA+ICS to 
35% for LABA+ICS and about 25% for most other therapies 
(Figure 3). There were also a number of patients within each 
therapy group who were not prescribed a COPD maintenance 
therapy in the 3-month period following their initial prescription 
or fu-st change in therapy (Fignre 3). 

Additions. Table 2 shows that a majority of additions 
occurred within the first 12 months of diagnosis. Among patients 
starting on a LABA or a LAMA therapy respectively, ICS (23% at 
12 months, 28% at 24 months) and ICS+LABA (27% at 12 
months and 33% at 24 months) were the most common additions 
within 12 and 24 months of foUow-up. Other major additions 
within first 12 months included addition of ICS to LABA+LAMA 
starters (21% at 12 months, 28% at 24 months) and addition of a 
LAMA to ICS+LABA starters (17% at 12 months and 24% at 24 
months) (Table 2). 

Switching or stepping down therapy. Few patients were 
prescribed another class of maintenance therapy within 24 months 
of diagnosis. Similar to additions, a majority of switches occurred 
within the 12 months of diagnosis (Table 3). A small percentage of 
patients switched from LABA to LAMA and from LAMA to 
LABA (Table 3). 
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Table 4. Percent of patients that progressed to triple therapy within 2 years by index treatment prescribed. 





Initial prescription at new COPD diagnosis, n 


Progressed to triple therapy 
at 365 days, n (%) 


Progressed to triple therapy 
at 730 days, n (%) 


SABD, n = 1804 


174 (10) 


353 (20) 


LABD (LAMA or LABA), n = 1232 


397 (32) 


568 (46) 


ICS, n = 724 


78 (11) 


132 (18) 


ICS combination (LABA+ICS or LAMA+ICS), n = 1856 


461 (25) 


723 (39) 


No treatment, n = 1181 


88 (7) 


182 (15) 



Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting P2-agonist; LABD, long-acting bronchodilator; LAMA, long- 
acting muscarinic antagonist; SABD, short-acting bronchodilator. 
doi:l 0.1 371 /journal.pone.Ol 05296.t004 



Patients prescribed more than one maintenance medication in 
combination were included in the stepped down therapy analysis. 
Among patients starting on dual therapies, majority of step downs 
occurred in patients starting on LAMA-I-ICS therapy with 44% 
stepping down to LAMA monotherapy within first 12 months. 
Several patients starting on LABA-I-LAMA combination also 
stepped down to a LABA (13%) or a LAMA (17%) monotherapy 
within 12 months. Majority of patients prescribed triple therapy at 
baseline stepped down to LABAh-ICS (19%) or LAMA (23%) 
during the 24-month foUow-up (Table 3). 

Progression to triple therapy. Results from the Kaplan- 
Meier survival analysis showed that the proportion of patients that 
progressed to triple therapy varied depending on the initial 
medication prescribed (Table 4). At 1 year, only 7% of patients 
who had not been prescribed COPD therapy initially had 
progressed to triple therapy. Among those prescribed LABD or 
an ICS combination initially, 32% and 25% of the patients, 
respectively, had progressed to triple therapy at 1 year, and 46% 
and 39% of the patients, respectively, had progressed to triple 
therapy at 2 years. When asthma was excluded and factors 
associated with progression to triple therapy (airflow limitation, 
underweight BMI, and suspected exacerbations) were adjusted for, 
the same trend was observed, ie, patients who received LABD or 
an ICS combination initially were prescribed triple therapy at a 
faster rate than those with other initial therapies (data not shown). 

Discussion 

In this study, we evaluated the treatment paradigm evolving 
over 24 months after the first diagnosis of COPD in the UK 
general practice. Maximum variability in treatment was observed 
within the first 6 months, with approximately 15% to 49% of 
patients changing their initial therapy. Beyond this period, patients 
gradually stabilized on their respective treatments, with limited 
changes over the next 18 months of the follow-up. Majority of 
changes beyond 6 months included addition of treatments with 
limited switches. In addition, the index treatment was discontinued 
for most patients within the 24 months of diagnosis irrespective of 
the treatment class. This gradual yet significant change in therapy 
may indicate the difficulty in achieving a stable disease state in a 
progressive disease such as COPD. Thus, this observed change 
from initial therapy, with addition or switching, may suggest 
suboptimal disease control. 

The results of this study are consistent with other studies that 
examined treatment patterns in COPD. Overall retention of 
treatment was low across all medications, although differences 
were observed among different treatment classes. In a study using 
the Ontario Drug Benefit Program database, Cramer et al 
demonstrated that 15-63% of patients continued on their index 



drug for more than six months [15]. Corresponding estimate in 
our study was 40-70%. Our results were also consistent with 
Cramer et al at 12 and 18 months [15]. 

The Cramer et al study found that patients stayed on tiotropium 
treatment significantly longer than other daily medications. In 
contrast, the treatment class with maximum retention in our study 
was LABA-I-ICS. The patients in the current study could represent 
COPD patients with concomitant yet undiagnosed asthma as 44% 
of the patients prescribed LABA-I-ICS in the total cohort had at 
least one asthma diagnosis in their record. These patients may also 
have had exacerbations in their previous history and received 
benefit from the ICS. 

Guidelines suggest adding an ICS as anti-inflammatory agents 
to reduce the rate of exacerbation in patients with severe disease 
[2,8,9]. Our analysis showed that within 24 months, ICS as a 
single inhaler or LABA-I-ICS combination inhaler, was added for 
35% and 38% of patients starting on a LABA and a LAMA 
monotherapy, respectively. This indicates that a substantial 
number of patients on bronchodilator monotherapy may require 
an ICS to possibly manage their risk of exacerbations. Similarly, a 
substantial number of patients starting on a LABA or a LAMA 
also added a second bronchodilator (with or without an ICS) 
within 24 months of COPD diagnosis. This may also suggest the 
progressive nature of COPD requiring additional pharmacother- 
apy to maintain lung capacity, though the data only allow 
generation of hypotheses due to lack of physician recording of the 
rationale behind medication changes. 

Many patients starting on a long-acting bronchodilator (LAMA 
or LABA) or an ICS combination that includes a long-acting 
bronchodilator received a prescription for triple therapy by the 
end of the 2-year study period. This finding was observed with two 
different analyses: when patients were analyzed from their first 
maintenance therapy until first change in prescription, and when 
patients were followed up throughout the study period. Thus, the 
results suggest that COPD treatment evolution is progressive and 
patients probably need more than one maintenance medication to 
achieve symptom relief and/ or prevent exacerbations. 

Stepping down therapy may be reflective of prescriptions of 
multiple inhalers used intermittently. Among triple therapy 
initiators who stepped down during the foUow-up period, majority 
of patients stepped down to a LAMA or an LABA-I-ICS 
combination. This study only addressed first change in therapy 
and perhaps these patients may have been prescribed triple 
therapy again at a later date. 

Study limitations included the fact that GPRD only captures 
diseases diagnosed in the primary care setting. Also, there may be 
a possibility of misclassification of drug exposure because the 
GPRD provides information on prescribed rather than dispensed 
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medications. However, audits of electronic medical records in the 
UK have shown a relatively high concordance of dispensing to 
prescriptiim (99.7'14i of prescriptions tracked were recorded by the 
electronic patient record during a month) [16]. Only patients alive 
for 24 months were included in the analysis thus the findings may 
not be representative of most severe COPD patients. 

Conclusion 

Challenges in optimally managing the condition were evident 
over the 24 months after COPD diagnosis, as more patients 
compared to baseline were prescribed additional maintenance 
therapy in the 24-month period. A high proportion of patients 
were switched or discontinued from their index treatment within 
24 the months of diagnosis. Patients starting on LAMA or LABA+ 
ICS therapy were most likely to change to triple therapy. Thus, the 
results suggest that COPD treatment evolution is progressive and 
patients likely need more than one maintenance medication to 
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